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ABSTRACT 

We present late time spectropolarimetric observations of SN 2007sr, obtained 
with the VLT telescope at ESO Paranal Observatory when the object was 63 days 
after maximum light. The late time spectrum displays strong line polarization 
in the Ca II absorption features. 

SN 2007sr adds to the case of some normal Type la SNe that show high line 
polarization or repolarization at late times, a fact that might be connected with 
the presence of high velocity features at early times. 

Subject headings: Supernovae: individual (SN 2007sr) - Polarization: spectropo- 
larimetry 

1. Introduction 

Type la Supernovae (SNe) are believed to form in binary systems. Traditional scenarios 
involve a carbon-oxygen white dwarfs accreting material from a companion, which could be 
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a main sequence, a red giant, a helium, or another white dwarf star. As the degenerate 
star accretes material, it approaches the Chandrasekhar mass limit. Once arrived at that 
point it becomes pressure unstable and a thermonuclear runaway starts at one or more 
ignition points. A thermonuclear burning front propagates synthesizing new elements, at 
first subsonically in a deflagrati on regime, then it probably experience s a transition to a 
supersonic regime, a detonation ( lKhokhlovlll99ll : iHillebrandt et al.ll2000[ ). The deflagration 
phase leaves a residual of intermediate mass elements. In the detonation, the thermonuclear 
burning continues until nuclear statistical equilibrium is reached. The thermonuclear burning 
of a white dwarf is a complex process and the details are still subject to debate. 

In the last decades Type la SNe have successfully pr oved to be reliable distance indica- 



tors when standar dized by their luminosity decline rate ( jPhillipsI Il993t iHamuy et al.l Il996 



Prieto et a. 



2005[). They repre sent a rather homogeneous class, in particular, the subtype 



defined by [Branch et al.l (119931 ) as "spectroscopically normal" Type la SNe. Some diversity 
still remains in their peak luminosity, color and light curve shape, and it is attributed to 
different int rinsic SN properties such as progenitors, host galaxy, environment and explosion 
mechanism ( Ivanov et al.ll200Cll : iHamuy et al.ll2000l : iHoflich fc Khokhlovlll996l ). 



The natural assumption of spherical symmetry, which is implicit in the use of SNe as 
distance estimators, can be tested by using different tools, such as: 1) powerful hydrody- 
namical simulations; 2) nebular phase spectroscopy, when the ejecta becomes transparent, 
the continuum intensity decreases and emission lines from the deep interior of the exploded 
star emerge; and 3) high quality spectropolarimetric observations collected through the last 
decade. Starting from a spherically symmetric white dwarf, hydrodynamical models produce 
asymmetri es by off-center ign i tion a nd highly turbulent nuclear burning during the deflagra- 
tion phase iKasen et al.l (120081 120091 ). Coupled with viewing angle effects these contribute to 
observational diversity. Nebular phase spectroscopy, starting at about 100 days after maxi- 
mum light, r eveals the inner core of the supernova wit h signatures of asymmetries formed in 
these stages (IMaund et al.ll2010al : iMaeda et al.ll2010bl ). HST imaging of the supernova rem- 
nant SN1885, S-Andromeda, revealed asymmetries i n Ca and Fe whic h can be understood 
in the framework of off-center delayed detonations (iFesen et al.l 120071 ). Spectropolarimet- 
ric observations show large diversity, except maybe in the cont inuum polarization, where 



low v alues are common. According to theoretical interpretation (iHoflichl 119911 : iHowell et al. 



sh|: 



2OOII ). This indicates that the photosphere is not completely spherical, and small global 
asymmetries, less than 15%, are inferred. A contrasting picture is revealed by the polariza- 
tion in the blueshifted absorption troughs of the P Cygni profiles where a large diversity is 
observed. This is usually interpreted as the result of small scale departures of symmetry, 
chemical or excitation inhomogeneities. Spectropolarimetric data show line polarization for 
different elements, such as Si II, Ca II, S II, with different values at different epochs of the 
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supernova evolution. The general consensus emerging from the data is that Type la SNe are 
more asymmetric in their outer layers, and more spherically symmetric in the interior. This 
implies that line and continuum polarization are higher at earl y times and decrease towards 



later epochs when the photosphere recedes into the inner layers (IFilippenko fc Leonardll2004 



Leonard et al.ll2005l : IWang &: Wheeled 120081 : IWang et all 120031 ). However, SN 2006X, one of 



the few Type la SNe that has been observed in spectropolarimetry at times later than 30 
days after maxirn um, does show strong late-time line polarization in the Ca II IR triplet 
jPatat et al.lboOQi l. 



In this paper, we report spectropolarimetric observations of SN 2007sr when the SN was 
more than two months after maximum and showed highly polarized Ca II lines. In Section 
I2]we present the data, in Section [3] we describe the results, and in Section H] we discuss them 
and present our conclusions. 



Data 



2.1. Supernova 2007sr 

Supernova 2007sr was discovered in t he Antennae galax ies (NGC 4038/39) on December 



18.53 UT by the Catalina Sky Survey flDrake et al.l 12007 ) . It was classified as a typ e la 



about 3-4 days after B maximum light (jPojmanski et al. 
spectroscopica 



20081 : lUmbriaco et all 120071 ). It 
ly matched normal Type la SNe with a Si II velocity gradient ^siii = 80 ± 15 



km s ^day ^ (IMaeda et al.l l2010al ). which fo llowing iBenetti et al.l ( 120051 ) places it among 



the High Velocity Gradient (HVG) events. ISchweizer et al.l (120081) calibrat e the intrinsic 
brightness of SN 2007 sr using the analysis package SNooPy ( Burns et ahlboill ). and following 



Folatelli et al.l (120101 ). assume a low value for the ratio of total to selective extinction R 



host 



= 1.6 ± 0.1 . They find a decline-rate parameter Amis = 0.97 mag ± 0.02 mag, and a color 
excess in the host galaxy E{B — V)host = 0.13 mag ±0.01 mag . The color excess ca used by 
our own galaxy is E{B — V)mw = 0.046 ± 0.005, according to ISchlegel et al.l (Il998[ ). 



The distance to SN 2007sr found by ISchweizer et all (120081 ) is D = 22.3 ± 2.8 M pc. 



This makes the host consistent with the large-scale flow model of iTonry et al.l (120011 ) . in 
agreement with four o ther nearby galaxies tha t, according to their recession velocities, belong 
in to the same group ([Madore &: Steer 1120071 ). Some discrepancy was found with the result 
of ISaviane et al.l (120081 ) who estimated a much smaller distance using the tip of the red giant 
branch, D = 13.3 ± 1.0 Mpc. The difference in the distance estimates has no effects on the 
results presented here. 
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2.2. Spectropolarimetry of SN 2007sr 

Spectropolarimetric observations of SN 2007sr were obtained with the ESO VLT UTl 
telescope, on 2008 February 15 using the FORSl instrument in polarimetry modjll. Accord- 



ing to the hght curve measured by the Carnegie Supernova Project (Table 1 in lSchweizer et al 



20081 ) our observations took place when the supern ova was 63 days after B m aximum light 



which corresponds to the spectroscopic Fe II phase ( iBranch et al.ll2005l . 120081 ). At this epoch 
the spectrum of Type la's is mainly shaped by Fe II, Ca II and Na II lines in addition to 
forbidden lines. 

Four exposures of ~ 1200 s were taken with the retarder plate at position angles of 0, 
22.5, 45 and 67.5 degrees. Grism GRIS_300V was used with no order separation filter. This 
provides a dispersion of 3.28 A/pix, and the resulting wavelength range 350-900 nm. The 
spectral resolution with a 1" slit is 12.5 A, which we measured using the 01 5577 sky emission 
line. Additional observations of a flux standard, CD 108, were performed at position angle 
degrees to calibrate the flux level. 

We followed a standard data reduction procedure. Bias, prescan and overscan correc- 
tions, fiat fielding, spectrum extraction and wavelength calibration were performed using 
IRAli. The sensitivity curve of the spectrograph was computed from the flux standard 
observed at one position angle. 

Polarized spectra and flux calibration were obtained with our own IDL routines. Stokes 



parameters were calculated as described in iPatat fc Romaniello I (120061 ). As a starting point 



a bin size has to be selected. This is a critical step. When polarization is present it should 
be detected using any bin size. But the estimated polarization values, in particular the peak 
values, are sensitive to the bin size. We have chosen a bin size of 15 A, slightly larger than 
the resolution. The spectrum at zero position angle was binned to 15 A and the spectra at 
the other position angles were resampled to these same bins. The resampling was done using 
a five-point closed Newtonian- Cotes algorithm. 

Observed Stokes parameters are calculated using the formulas given in the VLT FORS 
User Manual, including the correction for the position angle zero point. The sensitivity func- 
tion is applied to each beam, together with atmospheric extinction corrections for Paranal 



For details of the instrument check the FORS Manual at 



http://www.eso.org/sci/facilities/paranal/instruinents/fors/doc/ 



http://iraf.noao.edu — IRAF is distributed by the National Optical Astronomy Observatories, which are 



operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement 
with the National Science Foundation. 



as suggested by iPatat et al.l (120111 ) . The uncertainties of the Stokes parameters Q and U 
were calculated assuming a Gaussian distribution for the counts at each wavelength. 



Results 



3.1. Intensity Spectrum 



Figure [T] shows the observed intensity spectrum in counts and the signal to noise ratio 
(S/N). The latter (S/N ~ 100-300) is rather low for the standards of spectropolarimetry 
(generally S/N > 500), as a result of the SN being dimmer than estimated when observations 
were done {Mb ~ 16.2). We note that in the red portion of the spectrum, from 700-950 nm, 
approximately, some of the sky emission lines approach to, or exceed, the supernova flux. 
Background contamination can be an issue there. The blueshifted absorption minimum of 
the Ca II IR triplet P Cygni profile, in particular, reaches just a few thousand counts, and is 
contaminated by sky emission light in a large fraction of the redder part. Yet some 100 A of 
the bluest edge of the absorption feature contain signal above the sky with S/N ~ 60. This 
range, between 8150-8250 A will be considered as a reliable zone to measure line polarization. 

In Figure [2], we display the intensity spectrum of SN 2007sr and compare it with those 
of other Type l a SNe at a siinilar phase. Following line i dentifications from the literature 



(ILiu et al.l 119971 : iHatano et al.lll999l : IStanishev et al.ll2007l ) we identify lines of Si II, Ca II, 

Na I, Fe II, Fe III, Co II, Co III and O I at velocities around 13000-10000 km s-\ as indicated 
in the figure. 

We detect two systems of weak and narrow Na I D lines in absorption, unresolved by 
our spectrograph (see Figure [3]). One of them, at observed wavelength of 589.19 nm, is 
consistent with interstellar matter in the Galaxy. The other, at observed wavelength 592.55 
nm, is consistent with interstellar matter in NGC 4038 and implies a recession velocity 
of 1705 ± 144 km s"^ Thi s velocity agrees with that of the NASA/IPAC Extragalactic 
Database, 1642 ± 12 km s'^ Jlauberts fc Valentiinlll989h . 



3.2. Polarization 

The observed Stokes parameters, and polarization are shown in Figure |H Going from 
top to bottom, the panels show the observed flux spectrum, the observed polarization, the 
observed Q and U Stokes parameters, and the observed polarization angle. 



Establishing the intrinsic polarization of the supernova requires the subtraction of addi- 
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tional polarization sources, like the polarization caused by interstellar matter in our galaxy 
and the host (this is the so-called interestellar polarization (ISP)). We estimate a value for the 
ISP based on two assumptions. One is that the emission part of the strong P-Cygni profiles 
in the spectrum are intrinsically unpolarized. This should be so, because they originate in 
resonant scattering of photons coming from the photosphere, which are emitted with random 
orientation of the plane of polarization. This spectrum has two good lines to estimate the 
ISP in this way: the blend of Na I D and Co III at rest frame wavelength ~5700 A and the 
Ca II H&K. The other assumption is that the blue side of the spectrum, the region between 
~400 and ~650 nm, approximately, includes the blends of P-Cygni profiles of many different 
lines. Since ble nding of P Cygni line s should have a net depolarizing effect due to line blan- 
keting opacity (IMaund et al.l l2010bl ) it is reasonable to assume zero intrinsic polarization 
in that part of the spectrum. Both assumptions consistently indicate an ISP with Stokes 
parameters Qisp — and Ujsp — 0.1 (P/5P=0.1). Finally, we ass ume a single Serkowsk i 
profile with Amax = 5500 A as the wavelength dependence of the ISP ( Serkowski et al.lll975l ). 
Panel 2 of Figure H] shows the ISP (nearly horizontal red line), which confirms that the 
intrinsic polarization of the continuum is, indeed, consistent with zero. 

We note that the previous ISP estimate is consis tent with the observat ional relation 
between color excess E{B — V) and Pisp established by lSerkowski et al.l (Il975l ). which takes 
the form of the u pper limit Pjsp r naxI E {B — V) < 9.0. Both the color excess in the SN 



host measured by lSchweizer et al.l ( 120081 ). and the one in the Galaxy, could justify an even 
larger ISP. We note, as well, that the equivalent width of the narrow Na I D lines in our 
spectrum, and the c olor excess of S c hweiz er et al., give conditions for SN 2007sr for which 
both correlations in iTuratto et al.l ( l2003l ) are appropriate (see their Fig. 3). Turatto's 
relations, which can be used to calculate two extreme values of E(i? — V), give the color 
excess E(i? — V) expected for a given EW of the Nal D lines. The two linear correlations 
they find are probably the result of to different dust-to-gas ratios in the host galaxies. 

In contrast with the null continuum polarization, there is line polarization, in the Ca II 
features. With the spectrum binned to 15 A, the Ca II H&K and the infrared triplet display 
polarized components with maximum values of ~ 1%, and ~ 4%, respectively. 

The polarization level is reduced by a factor of two, approximately, for a binsize of 30 
A, see also Figures |5] and [61 In any case, the polarization angle is close to 140 degrees. 
As pointed out in Section 13.11 the Ca II lines extend between 5000 and 20000 km s~^. In 
the case of the Ca II IR triplet, the low S/N means a noisy signal. In the red part of the 
absorption profile, which corresponds to low expansion velocities, this could even result in 
some residual contamination from the, also highly polarized, sky background (see below). 
The high velocity portion of the blueshifted absorption minimum, on the other hand, is 
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cleaner. Finally, the Ca II H&K lines do not have significant background contamination. 

To understand the effects of the sky in the estimated polarization, we study the intrinsic 
polarization versus intrinsic polarization angle at different wavelengths, as shown in Figure 
[7] for SN 2007sr, and in Figure [8] for the sky. In Figure [7] we identify two well-defined angles 
with significant polarization, the first around 140 degrees and the second around 45 degrees. 
The region of 140 ± 30 degrees, spanning most of the features of interest, has been colored 
in gray. The red wavelength region, 800-890 nm, which includes the Ca II IR triplet (red 
dots) displays components with significant polarization at both angles. The blue wavelength 
region of the spectrum displays components with significant polarization only around 140 
degrees (bluer dots with ~ 1% polarization). As Figure [8] shows, the background sky that 
we subtracted from the spectra to get the intensity with each position of the half wave plate, 
is also significantly polarized, with an angle close to 45 degrees. In some parts of the red 
portion of the Ca II IR triplet the sky is brighter than the supernova (see inset in Fig. [1]) it 
is not surprising that, there, the observed polarization is very noisy and tends to recover the 
value of the sky. This is why we prefer not to put any weight into the polarization observed 
in the redder part of the Ca II IR triplet (red points at lower angles in Figure [TJ outside 
of the gray region. We suspect that this conspicuous polarization feature is just residual 
contamination of the, brighter, subtracted sky, which happens to be polarized at about the 
same angle. 



Recent work by iTanaka et all (120121 ) showed that, for a sample of stripped-envelope 
SNe, stronger lines exhibited higher polarization. They propose a simple radiative transfer 
model to relate the measured polarization to more physically meaningful parameters: an 
enhancement of absorption characterized by a factor /, and the fraction AS, of the photo- 
spheric disk area S, covered by this enhancement. A combination of these two parameters is 
incorporated into a "corrected" line polarization, Pcorr; which encodes the asymmetry that 
originates the observed line polarization. The latter, in addition, strongly depends on the 
strength of the absorption feature in the intensity spectrum, measured by the fractional 
depth with respect to the local continuum. This is interesting, since it makes it possible to 
understand a diversity of polarization signals resorting to a single anisotropy and a variety 
of absorption line strengths. 



Although the model of iTanaka et al.l (120121 ) was imagined and tested for core-collapse 



SNe, it is general enough to be readily applied to Type la ones. We have done so, and 
the results of the exercise are shown in Figure [91 Measuring the fractional depth requires 
estimating the continuum at the position of the absorption feature. For the complex late 
spectrum of a Type la SN, this is difficult to do, without a detailed radiative transfer model. 
This is especially true in the case of the Ca II IR triplet, where the uncertainty in identifying 
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the continuum leads to a fairly large uncertainty in the fractional depth. Even though, it is 
possible to see in Fig. [9] that the polarization signal observed in both Ca II lines are mutually 
consistent. Given the large difference in fractional depths, the ~1% polarization observed 
for Ca II H&K, translates into a 2-4% polarization in the Ca II IR triplet, for a modest value 
of the intrinsic polarization. This reinforces the view that Ca II is intrinsically polarized, 
and that a single anisotropy is responsible of both signals. 

The intrinsic Q-U diagram of the entire spectrum is shown in Figure (TUl The scatter of 
points around (Q,U) =(0,0) reveals an almost null global polarization. There is a peculiar 
quasi-spiral loop in the region of the Ca IR triplet, which, as mentioned earlier, we understand 
as due to the mixture of intrinsic Ca II IR triplet polarization and sky polarization. As in 
Fig. [7] we have colored gray the region where the intrinsic line polarization of the SN is 
located. Figure [TT] gives the QU diagram of the region of Ca II in velocity space, the IR 
triplet region is represented by filled circles, and the H&K region by stars. Cyan and blue 
points correspond to velocities higher than 13000 km s^^, uncontaminated by the sky in the 
case of IR triplet. It is precisely at those velocities where the strong polarization signals are 
measured, and seem to be concentrated in the gray area (between 110 and 170 degrees) for 
both Ca II lines. 



4. Discussion and Conclusion 



Umbriaco et al.l (120071 ) found high velocities in a spectrum of SN 2007sr taken closer 



to maximum light, and suggested that the SN matched the s pectra of High Veloci ty Gra- 
dients (HVG) SNe JSenetti et al.lboosh : further confirmed bv llVIaeda etall J2010ah and ?. 
Consistent with this, our spectrum of SN 2007sr at 63 days after maximum light reveals 
high expansion velocities. The most prominent absorption lines that exhibits fast velocities 
are those of Ca II, which span the range 5-18 xlO^ km s~^. High velocities at late phases, 
are consistent with the existence of high velo city components prior to maximum l ight, as it 
was the case for SN 2004dt and SN 2006X JWang et ahlbood : IPatat et ahlbood l All the 
SNe used for comparison spectra in Figure [2] (SN 1994D, 2003du and 2006X) showed high 
velocity components in their early phases, which makes it tempting to deduce that SN2007sr 
too, must have had High Velocity Features (HVF) in its early phases. 

The very low polarization of the continuum adds one more case to consolidate the stan- 
dard view that normal Type la SNe have only small, if any, departures from global spherical 
symmetry; in particular towards later epochs when we see deeper layers (IFilippenko fc Leonard 
20041 : [Leonard et al.ll2005l : IWang fc Wheeled |2008| ). The line polarization, however, shows a 
different picture. The usual expectation is that line polarization, if present at early epochs. 
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will decrease and disappear at later phases. The best studied line is Si II 6355. In most 
SNe observed around maximum light, and few days or weeks after maximum, the polar- 
i zation of the line peaks around maximum and then disappears with a time scale of weeks 
f lWang et al.l 120071 ). The same behaviour has been reported in polarization of Ca II lines. 
SN 2001el showed a high velocity Ca II IR triplet, with a maximum line polarization ~ 0.8% 
at early times. This polari zation decreased after maximum and was very small at a phase of 



38 days (IWang et al. 



20031). 



It appears, however, that the Ca II lines do not always follow this tendency. SN 2007sr 
exhibits strong polarizatio n in Ca II two mon ths after maximum light, and it happens in a 
rapidly expanding feature. iPatat et al.l (|2009[ ) found high late time polarization of the Ca II 
IR triplet in SN 2006X, another rapidly expanding event observed from early phases until 
39 days after maximum light. They describe a re-polariza tion of the lin e and, based on the 
abundance distribution of a delayed detonation model of iHoflich et al.l (120021 ). interpret it 
as a partial cover up of the photosphere in the line wings, where the Sobolev optical depth 
is smaller. They also point out that the lack of significant line polarization at the inner Ca 
boundary {v ~ 10000 km s~^ for the same model) is a probable sign of mixing at that inner 
edge. Due to the contamination by sky background, we cannot trace the polarization of the 
Ca II IR triplet to these low velocities. The Ca II H&K lines, however, which give a more 
certain estimate of the intrinsic polarization, allows us to see the same effect in SN 2007sr. 
The line polarization decrease sharply for velocities between 9000 and 8000 km s~^, which 
will be consistent with mixing up to a lower velocity. 

Having just one spectrum of SN 2007sr, we do not know if the high polarization of 
Ca II is a re-polarization at late times or if Ca II was always polarized from maximum light 
onwards. It is important to note that SN 2007sr adds to the case that some Type la SNe 
that are considered normal do show high line polarization at late phases. We do not know 
why some do and some others do not show this late polarization. From the data in hand 
however, it is tempting to connect this late time line polarization with the presence of HV 
Ca II features. If this were the case the late time pol arization could be du e to interaction of 
the ejecta with circumstellar matter as suggested by ICerardy et al.l (|2004( ) 



Few supernovae have been observed with spectropolarimetry at phases as late as SN 
2006X and 2007sr. We already mentioned SN 2001el, another case is SN 2005ke, a sublumi- 
nous event, which did not show Ca II polarization to a statistically s ignificant level either 
before maximum, or at ~76 days after maximum (jPatat et al.ll2012l ). It is important to 
increase the database. A larger, good quality dataset will allow us to connect this observable 
with others, like the presence of high velocity features, and, eventually, help us to disentangle 
effects of the explosion physics, from those of the aspect angle, or those of the interaction 
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between the ejecta and circumstellar matter. 
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Fig. 1. — Intensity spectrum of SN 2007sr and the sky in counts (lower panel) and the S/N 
ratio (upper panel). In the region of the Ca II IR triplet (see inset in lower panel) the 
S/N decreases significantly and the sky emission lines contaminate the red portion of the 
blueshifted absorption profile. 



- 14 - 



-12 P 




400 500 600 700 800 900 
Wavelength 



Fig. 2. — Comparison of the flux calibrated spectrum of SN 2007sr with those of SN 1994D 
2003du and 2006X at similar phases. The data were obtained from the Online Super- 
nova Spectrum Archive (SUSP ECT), contributed by lGomez fc Lopea (ll998l ): IStanishev et al. 



(120071 ) : lYamanaka et al.l (j2009l ) respectively. All of these SNe exhibited high velocity features 
( > 20000 km s~^) at their early phases which encourages us to infer the same behaviour 
for SN 2007sr (see Section g]). 




Fig. 3. — Na I D lines in the Milky Way and host galaxy at 589.19 nm and 592.55 nm, 
respectively. The latter implies a recession velocity o f 1705 ± 144 km s"^, which agrees with 
the host velocity measured by iLauberts fc Valentijnl (119891 1 
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Fig. 4. — Observed flux, polarization, Q and U parameters versus rest frame wavelengtli. Tfie 
Stokes parameters were computed using a bin size of ISA in observer frame. The horizontal 
red line shows a Serkowski law computed with Qisp=0 and U/5P=0.1. Strong polarization 
is observed in the region of the Ca II IR triplet, and a less prominent feature appears in the 
region of Ca II H&K. Peaks around 6800 A nm and 7500 A are due to telluric absorption 
lines. 
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Fig. 5. — Polarization % and polarization angle of Ca II NIR were computed with a bin size 
of IsA (left panel) and 30 A (right panel). Velocities < -12000km s~^ are not contaminated 
by the sky spectrum and therefore belong to a region considered reliable for polarization 
measurements. The shaded area is the range of wavelength highly contaminated by sky 
emission lines (See Fig. 1). 




Fig. 6. — Polarization % and polarization angle of Ca II H&K were computed with a bin 
size of ISA (left panel) and 30 A (right panel). The polarization peaks at velocities close to 
-12000 km s-^and the same region shown in Fig [5] is shaded just to compare, the Ca II H&K 
region does NOT present background contamination. 
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Fig. 7. — Polarization versus polarization angle of SN2007sr (bin=15A). Strong polarization 
is distributed around two angles, 140° and 45°. The first one colored in gray includes Ca II, 
H&K (blue dots) and the IR triplet (red dots). The 45° angle corresponds to sky polarization, 
which is strong and contaminates part of the Call IR triplet profile (See Figure [HI). 
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Fig. 8. — Polarization versus polarization angle of the spectrum of the sky of SN 2007sr 
(bin=15A). Sky polarization is probably dominated by moonlight polarization, at the obser- 
vation date the moon was at an angular distance of 140° away from the SN, at first quarter 
phase. The sky polarization is distributed along the 45° angle, in Figure [7] this corresponds 
to the lower angle zone, below the gray region. 
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Fig. 9. — Observed line polarization of the Ca II features as a function of the fr actional depth 



(FD) of the absorption line in the intensity spectrum, based on the work of iTanaka et al. 



(120121 ). Three estimates of FD for the Ca II H&K line (in blue) and Ca II IR triplet (in red) 
are given, corresponding to an upper, lower and average estimate of the local continuum. 
The varying line polarization at each line is illustrated by the vertical lines, between 2 — 4% 
for the infrare d triplet and - 5 — 1 % for the H&K lines. The plotted lines correspond to 
equation (8) in lTanaka et al.l (|2012| ) for different values of the parameter they call corrected 
polarization (Pcorr)- The model is very simple, and the uncertainties are large, but it is 
nevertheless reassuring to find that the very different values of observed polarization in the 
two calcium lines is consistent with a single value of Pcorr, around 0.35-0.45. 
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Fig. 10. — Observed QU diagram of the entire wavelength range at +63 days after max, 
the left panel corresponds to bin=15A and the right panel to bin=30A. The Qisp = 0, 
U/sp = 0.1 and central wavelength Wjsp = 550 nm is marked by a black dot. Most 
of the polarization is concentrated around zero (null continuum polarization) except for a 
remarkable loop in the red portion of the spectrum, around Ca II IR. The gray angular 
sector corresponds to the gray band shown in figure [3 
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Fig. 11. — Observed QU diagram of the Ca II IR region, showing a loop of high velocities 
(left panel corresponds to bin=15A and the right panel to bin=30A). Blue and cyan dots, 
correspond to the velocity range 20000-13000 km s~^, where the polarization measurements 
are uncontaminated by the sky, and they are also the highest polarization values. The gray 
angular sector corresponds to the gray band shown in figure [3 



